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0 Image sensor array. 

0 A linear image sensor array with a row (16) of 
photodiodes (14) and a transfer circuit (20) for each 
photodiode (14), the circuit having a pair of transis- 
tors for two stage transfer of the image signal charge 
from the photodiode to the gate of one transistor of a 
two transistor source follower (30, 32; 33), a transis- 
tor (38) for applying a bias charge to the photodiode. 
a multiplexing transistor (34) for connecting the 
source follower output to an output line (22), a reset 
transistor (38) for resetting the source follower, and 
clock signals for operating the transfer circuits in 
succession to serially output image signals to the 
output line. 



CNI 



0.6- 




SMTT REGOrEH M U)6IC ORCUmTf 



TT 

»4 ^9 



Q. 
lU 



Xen» Copy Centre 



1 



0 254 497 



2 



IMAGE SENSOR ARRAY 



The invention relates to an image sensor anray 
having at leeist one array of photodiodes, and 
means assodated with each photodiode for am- 
plifying and transfening the image signal charge of 
each photodiode to an output line. 

In order to achieve high resolution imaging, an 
image sensor array having a relatively large num- 
ber of photosites is required. However, attempts to 
provide an an^y with a high numtier of photosites 
have t>een generally unsuccessful and yields are 
low. An alternate arrangement envisions taking ^v- 
eral image sensor arrays and butting them together 
in end to end relation to form a longer composite 
anay. Indeed, if this technology can be success- 
fully practiced, full width or contact scanning arrays 
can be formed equal in size to the teurgest image to 
be scanned. 

In considering the merits of joining sensor ar- 
rays together, it is deemed highly advantageous 
that pitch across the entire array be maintained and 
for this reason, it is important that spacing between 
adjoining photosites at the butted ends of the in- 
dividual arrays tie the same as the spacing be- 
tween the photosites in the body of the arrays. In 
fabricating image sensor arrays, and especially im- 
age sensor arrays having the attributes necessary 
for end to end abutting with other like arrays, it is 
desirable to use NMOS or CMOS technology In 
order to take advantage of the very high yields 
possible with these types of technology. However, 
u^g NMOS or CMOS technotogy. single stage 
charge transfer can result in poor transfer effi- 
ciency between the high capacitance of the array 
photosites and the low input capacitance of the 
output charge to voltage converters. 

The Invention seeks to provide an improved 
image sensor anray having high transfer efficiency, 
in which there is provided: a source fbikwer with 
each sensor photoslte for charge to voltage conver- 
sion of the image signal charge of the sensor 
photosites; two stage transfer means for transfer- 
ring the Image signal charge efficiently from the 
sensor photosites to the source follower and for 
minimizing feedback; means with each source fol- 
lower for injecting a bias charge into the sensor 
photosites for transmittal to the source follower to 
enhance transfer efficiency; and switching means 
for outputting the image signal voltage from the 
source follower to the output 



IN THE DRAWINGS: 

Rgure 1 is a schematic view of an image 
scanning array having an array of photosites in the 
5 form of photodiodes incorporating the two stage 
transfer of the present invention: 

Figure 2 is a circuit schematic showing de- 
tails Of the transfer circuit associated with each 
photodiode in the array for effecting two stage 
70 transfer of the image signals from the photodiodes 
to an output line; 

i=igure 3 is a detailed circuit schematic of the 
transfer circuit 

Rgure 4 is a timing digram showing the 
T5 operating dock signal waveform for the image 
scanning anay with two stage transfer shown in 
Rgure 1 ; and 

Rgure 5 is a timing diagram depicting a 
modified operating clock signal waveform for reset- 
20 ting the transfer circuits of the arrayT)hotodiodes in 
unison. 

Referring to Rgure 1. there is shown the image 
sensor anray witii two stage transfer, designated 
generally by the numeral 10, of the present inven- 

25 tion. Image sensor array 10 includes a fc>ase or chip 
12 of silicon with a plurality of photosites in the 
form of photodiodes 14 thereon. Photodiodes 14 
are in dosety spaced Juxtaposition with one another 
on chip 12 in a linear array or row 16. Several 

30 smaller arrays such as array 10 can be abutted 
together end to end with one another to form a 
longer array, l.e. a full width or contact array, with 
spadng t}etween the photodiodes at the butted 
errds the same as the spadng t)etween the 

35 photodiodes inside the chip thereby maintaining 
photodiode pitch across the entire full width of the 
composite array. 

While photodiodes 14 are shown and de- 
scribed hereini other photosite types such as amor- 

40 phous silicon or transparent electrode MOS type 
photosites may be envisioned. Furttier, while a one 
dimef)sional sensor- array having a single row 16 of 
photodiodes 14 is shown and descrit>ed herein, a 
two dimensional sensor array with plural rows of 

45 photodiodes may be contemplated. 

Each photodiode 14 has a two stage transfer 
drcuit 20 assodated therewith whteh together witii 
tile photodiode form a jMxel cell 15. In drcuit 20, 
the image charge signal from the photodiode is 

50 transferred to the input of a source foltower 33 
(shown in Rgures 2 and 3). which feeds the signal 
to an output line 22 as a voltage. In addition, tiie 
image signal charge is amplified due to tiie gain 
achieved during transfer of tiie image signal charge 
from photodiode 14 to the input of source follower 
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33. The signal gain results from the difference in 
capacitance between photodiode 14 and the input 
of the source follower 33. This brings the Image 
diarge signal to a desired potential level prior to 
transfemng the charge to line 22. Suitable shift s 
register and logic circuitry 24 provides timing con- 
trol signals for connecting each pixel cell 15 to line 
22 in the proper timed sequence. 

Image sensor array 10 may for example be 
used to raster scan a document original, and in that io 
application, the document original and the sensor 
array 10 are moved or stepped relative to one 
another in a direction that is normally perpendicular 
to the linear axis of anray 10. At the same time, the 
image line being scanned is Illuminated and suit- 75 
able optical means such as a gradient index fiber 
lens array provided to focus the photodlodes 14 on 
the image line. During an Integration period, a 
charge is developed on each photodiode. This 
charge is proportional to the reflectance of the 20 
Image area viewed by each photodiode. The image 
signal charges are thereafter transfenred by the 
circuits 20 to output line 22 in a predetermined 
step by step timed sequence as will appear. 

Refening particularly to Figures 2 and 3, each 25 
transfer circuit 20 includes a source follower or 
common drain ampfifier 33 composed of transistors 
30. 32 for converting the image signal charge to a 
voltage signal. Two stage transfer, consisting of 
transistors 26. 28 in series with the Hne 25 connect- 30 
ing one electrode of photodiode 14 with the gate of 
transistor 30 of source follower 33. is utilized for 
transferring the image signal charge from the 
photodiode 14 to source follower 33 to minimize 
feedback due to the transistor dynamic drain con- 35 
ductance effect Ttie other electrode of photodiode 
14 and the source of transistor 32 are grounded 
through ground line 29. 

The drain of transistor 30 is connected to a 
preset voltage potential V-dd by line 40. The 4o 
source of transistor 30 and the drain of transistor 
32 of source follower 33 are connected by line 44 
to multiplexing transistor 34 which connects the 
pixel cell to output line 22. A charge injection 
transistor 36-is provided to inject a preset bias 45 
chainge, for example, an electrical fat zero V-fz. into 
^ photodiode 14. A reset transistor 38 controls ap- 

plication of a reset signal from a predetermined 
reset signal source Vr to the gate of transistor 30 of 
^ source follower 33. 5q 

A suitable pixel clock (not shown) provides 
ctock signals <i>% ^ and ^ controlling lateral trans- 
fer of the image signal charge from photodiodes 14 •; 
to source followers 33. Additional clock signals 04 
and 05. and shift register ck)ck signal 4»s are input 55 
to shift register and logic circuitry 24. Shift register 
aid logic drcuitry 24, which includes one or more 
diift registers, outputs clock ^gnals ^ and <^ for 



operating transfer circuits 24 to amplify and trans- 
fer the image signal voltage from source foitowers 
33 to output line 22 serially. As will be understood, 
clock signals through synchronize and in- 
tegrate operation of scanning anray 10 with other 
component parts of the scanning system with 
which array 10 is associated, and with additional 
an-ays in the event array 10 Is abutted with other 
like an^ays to form a longer scanning array. 

In operation and referring particularly to Rg- 
ures 2 and 4. following the integration period, a 
lateral charge transfer cycle for all photodlodes 14 
is initiated in whk:h clock signals <^i. <h actuate the 
two stage transfer transistors '26, 28 of circuit 20 for 
all pixel ceils 15 concurrently. Transistors 26.. 28 
transfer the image signal charge built up on the 
individual photodiodes 14 during the Integration 
period to the gates of transistors 30 of source 
folkwers 33. Thereafter, ctodk signals ^ and Vfz 
actuates transistors 36 to place the bias voltage 
charge Vfz on the photodiodes 1 4. 

Following the lateral charge transfer cycle, a 
video output cycle is commenced in which the 
clock signals ^7 and output by shift register and 
togic circuitry 24 are shifted successively along the 
row of transfer circuits of each pixel cell 15 to 
activate the source followers 33 and to serially 
connect the outputs of the source foitowers to 
output line 22, In each pixel cell, the clock signal 
input to the gate of transistor 32 of source foltower 
33 and the gate of output transistor 38 actoates 
transistors 32, 38 to output the image signal volt- 
age Vo to line 22. Following a predetermined inter- 
val, clock »*gnal ^ triggers reset transistor 38 to 
apply reset signal Vr to the gate of transistor 
resetting source follower 33 and terminating output 
of the signal voltage for that pixel cell. 

The foregoing is repeated atong the row of 
photodiodes 14 for each pixel cell 15 until the 
output conrosporiding to the last photodfode in the 
row 16 of photodiodes 14 has been transferred. 

In the embodiment shown in Figure 5, where 
like numerals refor to like parts, clock signal is 
used to trigger the reset transistors 38 of all trans- 
fer circuits 20 simultaneously. Triggering of reset 
transistors 38 simultaneously applies reset potential 
Vr to the gates of tranastors 30. resetting the 
source folbwers 33 of transfer circuits 20 in unison. 

White the invention has been described with 
reference to the structure disclosed. It is not con- 
fined to the details set forth, but is intended to 
cover such modifications or changes as may come 
within the scope of the following claims. 
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Claims 

1. In an image sensor anray having at least one 
an^y of photodiodes, and means associated with 
each photodiode for amplifying and transfening the 
image signal charge of each photodiode to an 
output line, comprising: 

a) source follower means for charge to volt- 
age conversion of the photodiode image signal 
charge to an image signal voltage: 

b) two stage transfer means for transfening 
the image signal charge from the photodiode to the 
input of said source follower means, transfer of 
said signal charge by said two stage transfer 
means amplifying said signal charge while minimiz- 
ing feedback; 

c) means for injecting a bias charge on the 
. photodode; 

d) switching means for coupling the output 
of said source follower means to said output line 
whereby the image signal charge from said 
photodiode following charge to voltage conversion 
by said source follower means is transferred to 
said output lir>e; and 

e) reset means for resetting said source fol- 
lower mear)s following output of said image signal 
voltage to said output line. 

2. The image sensor array according to daim 1 
in which said two stage transfer means comprises 
a switch pair In series between the pfiotodiode and 
said source follower means Input; and 

dock means for actuating said switch pair in 
succession to transfer the image signal charge 
from the photodiode to said source follower means 
Input 

3. The image sensor array according to claim 1 
or daim 2 in which said injecting means indudes a 
source of preset potential; and 

a switch for coupGng said pot^tial to the 
photodk)de whereby to apply said potential to the 
photodkKle and inject said bias charge. 

4. The image sensor anray according to claim 3 
induding: 

clock means for actuating said switoh foltowing 
transfer of tfie im^e ^griaf charge frorn the 
photodiode to said soinrce follower means input but 
before transfer of said Image signal voltage to said 
output line by said switohing means. 

5. The image sensor array according to any 
preceding daim in which said reset means in- 
cludes: _ 

a reset signal source; and 
a reset switoh for coupling said reset signal 
source to said source folbwer means input 



6. The image sensor array according to daim 5 
induding: 

clodc means for triggering said reset switoh 
following output of said image signal voltage by 
5 said switohing means. 

7. The image sensor array according to claim 5 
Including: 

clock means for triggering each of said reset 
switohes simultaneously whereby to reset the 
10 source followers assodated with each of said 
photodiodes in unison. 

8. The image sensor array according to claim 1 
induding dock means for actuating said two stage 
transfer means for each of said photodiodes in 

75 unison to transf^ the image signal charges from 
the photodkxld to the input of the source folfower 
means assodated therewith and then actuating said 
injecting means for each of said photodkxies in 
unison to inject said t>ias charge on said array of 

20 photodiodes in unison, 

said cbck means thereafter actuating said 
switching means for each of said source follower 
means individually in succession to serially transfer 
the image signal voltage from said source follower 

25 means to said output line. 

9. In an image sensor array having at least one 
array of photodfodes, and means assodated with 
each photodiode for transferring the image signal 
charge of each photodiode to an output Gne. com- 

30 prising: 

a) a source follower for charge to voltage 
conversion of the Image signal charge to an image 
signal voltage; 

b) a switch pair in series between the 
35 photodiode and one Input of said source follower 

for transferring the image signal charge from the 
photodiode to sakl source follower, transf^ of s^d 
signal charge by said switch pair ampTtfying said 
signal charge while minimizing feedt>ack; 

40 c) a first switch for injecting a bias charge on 

the photocfiode for transmittal to a second input of 
said source follower; 

d) a second switoh for coupling the output of 
said source follower to said output line; 

45 e) dock rneans foiv actuating the switch pair 

mvi s£ud first switches of ail saJd photodiodes in 
unison to first transfer said image signal charge 
from tfie photodiode to sakl source follower and 
then inject said bias charge on said array of 

so photodiodes, 

said dock means thereafter actuating said 
second switch for each of said pfiotodiodes in said 
photodiode array Indhftdually in succession to seri- 
ally transfer the image signal voltage from said 

55 source followers to said output line. 
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